Polycystic Ovary Syndrome (PCOS) is a disorder of the reproductive system and is seen in 5 to 10% of the women in reproductive ages (1). Its main features are hyperandrogenism both clinical or biochemical and/or chronic oligo-anovulation and/or ultrasonographic appearance of the polycystic ovaries (2). There are many studies showing the relationship between PCOS and Cardiovascular Diseases (CVD). Insulin resistance, obesity, hypertension, hyperlipidemia, hypercoagulability, and endothelial dysfunction can be seen frequently in PCOS patients along with increased cardiovascular risks (3). Previously published data show that coronary atherosclerosis and increased carotid intima-media thickness can be observed in PCOS (4). The aim of our study was to determine the effects of metabolic factors on myocardial functions in PCOS patients, by measuring the strain (S) and strain rate (SR) as means of quantification of myocardial functions, which were first described by Heimdal et al. to define the global and regional myocardial dysfunction (5), and to identify the possible subclinical impairment of left ventricular myocardial function because of the metabolic components of PCOS.
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Laboratory measurements
The participants having a regular menstrual cycle gave their blood samples between third and seventh day of their cycle. The participants with irregular menstrual cycle gave their blood samples irrespective of their cycle day. The blood samples of the participants were taken between 08:00-12:00 am, after 12 hours of fasting. High sensitive C-reactive protein (hsCRP) was measured with a turbidimetric method by using an Abbott ® Architect C8000 device. Total cholesterol, triglyceride, Low Density Lipoprotein (LDL), and High Density Lipoprotein (HDL) were measured with an enzymatic colorimetric method by using a Roche/Hitachi Modular PP (Roche Diagnostics GmbH, Mannheim, Germany). Serum glucose levels were detected with hexokinase method by using a Roche/Hitachi Modular PP (Roche Diagnostics GmbH, Mannheim, Germany). Hemogram tests were performed after the anticoagulation with K3EDTA by using an Abbott Cell-Dyne ® 3700 System (Abbott Diagnostics, Santa Clara, CA, USA). Estradiol (e2), Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), prolactin, and insulin levels were measured with an immunometric method by using an Immulite ® 2000 (Siemens Medical Solutions Diagnostics, Los Angeles, CA). Free testosterone tests were performed with Radioimmunoassay method (RIA) (Diagnostics Systems Laboratories, Webster, TX). 17-OH-progesterone tests were performed with RIA by using BioSource Europe S.A., Nivelles, Belgium. The Homeostasis Model Assessment Insulin Resistance index (HOMA-IR) was determined by using the following formula: fasting insulin (mU/L) × fasting glucose (mg/ dL)/22.5 (6) . HOMA-IR value more than 2.5 was indicative of insulin resistance (7).
Echocardiographic examination
Transthoracic echocardiographic examinations were conducted with a commercially available cardiac ultrasound system (Acuson Sequoia C256, Acuson Siemens, Mountain View, CA, USA) equipped with a broadband 3.5 MHz transducer with second harmonic capabilities. All patients were examined with standard 2D and Doppler echocardiography conforming to the American Society of Echocardiography (ASE) and European Association of Echocardiography recommendations (8) . In addition, longitudinal myocardial systolic and diastolic velocities at the mitral annular level from the lateral and septal sites were measured by using pulsed wave tissue Doppler in the apical 4-chamber view. Left ventricular longitudinal myocardial systolic and diastolic velocities, systolic SR and systolic S were measured from the apical 2-and 4-chamber views and averaged by using the Syngo WST 3.0 software. A narrow angle with an optimal image depth was used to obtain a high frame rate (>100 frames/s) and avoid angulations. All echocardiographic measurements were performed by the same echocardiographer blinded to the clinical information of the patients.
Statistical analyses
All analyses were conducted by using the SPSS software (Statistical Package for the Social Sciences, version 15.0, SSPS Inc., Chicago, IL, USA). Continuous variables were expressed as mean ± Standard Deviation (SD) or median (interquartile range) and categorical variables as percentages. The normality of distribution was tested by the Shapiro-Wilk test. Variables with a normal distribution were compared by a Student-T test or univariate analysis of variance (ANOVA). Variables that showed a non-homogeneous distribution were compared by the Mann Whitney U-test. The comparisons of the categorical variables were performed with the chi-square test. Correlations were evaluated by the Spearman's correlation test. A 'P' value lower than 0.05 was noted as statistically significant.
Results
Age intervals for PCOS and control group were similar (Table 1) . LH, LH/FSH ratio, BMI, fasting serum glucose, HOMA-IR and insulin were higher in PCOS group (P<0.05) ( Table 1) . FSH, HDL were lower in PCOS group (P<0.05) ( Table 1) . Eight PCOS patients (31%) had insulin resistance. There were 10 (39%) people in PCOS group and 1 (4%) people in the control group in whom BMI values were greater than 30. The number of people having a BMI between 25 and 29.9 was 7 (27%) in PCOS group and 5 (22%) in control group. The other participants' BMI values were in normal range. Also, all participants' electrocardiograms were in normal range. Waist circumference measurement and the ratio of waist circumference to thigh circumference were higher in PCOS group (P<0.05) ( Table 1) . No differences were detected between the two groups' conventional echocardiographic measurements (Table 2) . Myocardial velocities, strain and strain rate measurements (Table 3) were also similar between the groups both for regional and global indices. No differences were found between the strain measurements of participants whose BMI was greater or less than 25. Similarly, comparing the overweight PCOS patients' (BMI>25) strain measurements with that of normal weight PCOS patients' (BMI<25) measurements, we found no differences.
Discussion
PCOS is thought to be an endocrine disorder which increases the cardiovascular risks (9) . It was shown that metabolic complications associated with PCOS such as hyperinsulinemia, insulin resistance and dyslipidemia are major risk factors for atherosclerosis (9) . In our study, we found fasting glucose (10), insulin, HOMA-IR and BMI to be higher and HDL to be lower in PCOS group (11, 12) . In PCOS group, obesity and irregularity of sex hormones were more evident as expected.
Our echocardiographic parameters were similar for both groups. The first parameter of our echocardiographic examination was left ventricular ejection fraction and our results were similar for the PCOS patients and the control group, consistent with results of Tekin's study (13) . However, Orio et al. found lower left ventricular ejection fraction in overweight PCOS patients than the overweight control group (12) . Although 65% of the PCOS patients and 26% of the control group in our study were overweight or obese, we could not find similar results to Orio's study for left ventricular ejection fraction measurements. Previous studies suggested that some factors such as obesity, insulin resistance and age could affect the myocardial strain measurements. Obesity can cause a subclinical impairment in myocardial functions alone (14, 15) . Insulin resistant people can show subclinic deterioration in myocardial functions (16) . In our study, only 31% of PCOS patients had insulin resistance and this low percentage of insulin resistant patients can possibly explain the similarity between the PCOS and control groups strain measurements. Our mitral inflow and mitral velocity results used for measuring left ventricular diastolic functions revealed no differences between both groups as in Tekin's study (13) , yet in Erdogan et al. study mitral velocities were lower in PCOS patients (17) . In another study, myocardial peak systolic strain, peak early diastolic strain, and peak early diastolic velocity measurements were found to be lower in obese (BMI>30), insulin resistant PCOS patients (18) . However, we could not find any difference in our PCOS group. This can be explained by the small number of insulin resistant PCOS patients [8 (31%)] in our study. In a study of overweight PCOS patients, longitudinal strain measurements were lower than the control group (17) . The same study found higher HOMA-IR and insulin levels in PCOS group than the control group, yet the percentage of insulin resistant participants was not mentioned (17) . Although the PCOS patients' insulin, HOMA-IR and BMI values were higher than the control group in our study, we did not find any impairment of the left ventricular function in both groups. This could be explained by the young age of the participants in our study resulting in shorter durations as PCOS. Cardiological examination should be advised to these patients in the future.
Conclusion
In conclusion, according to our study PCOS patients with no clinical cardiovascular symptoms have no impairment in myocardial functions. Larger controlled studies are needed for further understanding and validating our results.
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